Critical pitting temperature (CPT) of 2205 duplex stainless steel (2205 DSS) in different concentrations of NaCl solution was investigated through cyclic voltammetry and potentiostatic technique, and the difference of corrosion behavior of 2205 DSS in NaCl solution under high and low CPT was compared. The results revealed that the concentration of NaCl solution has little effect on CPT of 2205 DSS in the range of studied concentrations (50 ~ 300 g/L), and the CPT is between 40 and 45 ℃. However, the corrosion current density, electrochemical impedance and corrosion morphology of 2205 DSS were significantly different under temperatures below the CPT and above the CPT.
INTRODUCTION
Duplex stainless steel consists of approximately equal volume of austenite phase and ferrite phase, which combines the advantages of both ferrite stainless steel and austenitic stainless steel, therefore, it shows good resistance to pitting corrosion, crevice corrosion and stress corrosion [1] [2] [3] [4] [5] . Nowadays, duplex stainless steel has been widely applied in the Oil and gas refining, marine engineering, seawater desalination and vacuum salt [6] [7] [8] [9] [10] . However, in aggressive environment, duplex stainless steel still suffers from localized corrosion, especially in the environment containing high chloride concentration at high temperature. It is well known that pitting occurs when stainless steel is immersed in solutions with halide ions concentration exceeding a critical value, with chloride ion being the most common [11] [12] [13] [14] . Peguet et al. [15] studied the critical potential breakdown of duplex stainless steel's passivation films in 0.5 M NaCl aqueous solution at different temperatures. Deng and coworkers [16] investigateed the pitting and repassivation behaviors of duplex stainless steel in 1 M NaCl solution. Jeon et al. [17] elucidated the effects of sulfur addition on pitting corrosion and machinability behavior of super duplex stainless steel containing rare earth metals, the influence of molybdate on critical pitting temperature of 2205 DSS in 0.1 M NaCl solution also has been studied by Eghbali and coworkers [18] . Moreover, the effect of solution heat treatment on the pitting corrosion resistance of 2205 DSS has also been investigated [19] [20] [21] [22] . However, few studies have focused on the corrosion behavior of duplex stainless steel in high concentration NaCl solution, but which is the environment that stainless steel has to confront in the process of vacuum salt and seawater desalination. The present work investigated the corrosion behavior of 2205 DSS in different concentrations of NaCl solutions using cyclic voltammeter, potentiostatic technique, potentiodynamic polarization, electrochemical impedance spectroscopy and morphology analysis.
EXPERIMENTAL

Material and Electrolyte
The 2205 DSS used in the experiment is round rod with a diameter of 16 mm, its weight percentage compositions are listed in Table 1 . Cylindrical samples cut from the round rod were used as working electrode and morphology analysis. The exposed surface area of working electrode was 2 cm 2 , and its remainder was embedded by epoxy. Prior to each experiment, the specimen was wet ground to the 800 # abrasive paper, degreased with acetone, rinsed with distilled water and dried in the air. The NaCl solutions were prepared by the analytical grade NaCl and deionized water. 
Electrochemical measurements
The electrochemical measurements were performed using a potentiostat Solartron 1287 and a frequency response analyzer Solartron SI 1260 with a conventional three-electrode cell, which contains a platinum grid, a saturated calomel reference electrode (SCE) and 2205 DSS working electrode. Electrochemical measurements were controlled with Zplot and Corrware software and were analyzed through ZView and CorrView software, respectively. The working electrode was firstly immersed into NaCl solution for 30 min at the beginning of electrochemical testing in order to stabilize the open circuit potential (OCP). The parameters of the cyclic voltammetry were set as follows: the initial potential was -0.2V vs. OCP, the scan rate was 5 mV/s [23] 5 Hz and the AC amplitude was 5 mV, while the scanning speed of potentiodynamic polarization was 0.5 mV/s and the scanning range was from -250 mV to +350 mV (vs OCP).
Morphology Analysis
The surface analysis samples were polished and then immersed in 300 g/L NaCl solution at 70 ℃ for 7 days, thus the surface morphology was examined with VEGA 3SBU scanning electron microscope (SEM). Figure 1 shows the cyclic voltammetry curves of 2205 DSS in different concentrations of NaCl solutions under different temperatures. It can be seen that the current density increases slowly with the increase of the polarization potential, but when the polarization potential reaches a specific value, the current density begins to increase significantly, indicating that the passive film on the surface of 2205 DSS was broken, and this potential was defined as the breakdown potential (E b ). When the temperature is below 40 ℃, breakdown potential shifts to negative, but the displacement is very small, and it can be seen that the polarization curves of forward and backward potentiodynamic scans are almost coincident with negligible hysteresis loop, which indicates the transpassivity characteristic of passivation breakdown [18] . However, when the temperature is above 45 ℃, the breakdown potential drops significantly with increasing temperature, and the cyclic voltammetry curves of 2205 DSS exhibits a large hysteresis loop, suggesting that the repassivation of existing pits becomes difficult, it means the occurrence of pitting [18] . Figure 2 shows that the breakdown potential of 2205 DSS in different concentrations of NaCl solutions, demonstrating the same tendency to change with rising temperature. It can be clearly seen that there is a significant decrease in the breakdown potential of 2205 DSS when the temperature increases from 40 ℃ to 45 ℃. Szklaska [24] thinks that as the temperature increases, chloride adsorption on the metal surface becomes stronger and the pitting potential tends to be smaller. However, according to Figure 1 and Figure 2 , it can be considered that the concentration of NaCl solution has little effect on the CPT of 2205 DSS, which is always within the range of 40~45 ℃. Figure 3 (a) presents the result of potentiostatic measurements of 2205 DSS in different concentrations of NaCl solutions. It is clear that the current density increases with the increase of concentration of NaCl under the same temperature. At the same NaCl concentration, the current density is only slowly increasing in the initial stage, until the temperature is near or over 40 ℃ the current density begins to increase obviously. The temperature corresponding to a significant change in the current density is considered as the CPT [25] , the determining method of CPT is given in Figure 3 (b), and the results are listed in In addition, the CPT of 2205 DSS measured in the study is compared with that reported in literature [29] [30] [31] , and the related data are listed in Table 3 . It can be seen that the value of CPT in the literature is slightly higher than the measured value of this study, which is mainly due to the higher concentration of NaCl in the work, the data in Table 2 and Table 3 indicate that the increase in NaCl concentration lead to the decrease of CPT. It is also noted that the CPT value measured by potentiostatic technique is higher than that obtained through potentiodynamic polarization, this is in agreement with the results of this study. 
RESULTS AND DISCUSSION
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Potentiodynamic polarization
In order to further understand the effect of temperature on the corrosion behavior of 2205 DSS in a series of NaCl solutions with different concentrations, the polarization curves of 2205 DSS in the NaCl solutions at two specific temperatures of 30 ℃ (below CPT) and 70 ℃ (above CPT) were measured and presented in Figure 4 . The anodic polarization curve in Figure 4(a) shows that the current density increases with adding the polarization potential. At the temperature of 30 ℃, the current density is still small and is not enough to break the passivation film on the surface of 2205 DSS at low polarization potentials within a short immersing time. The similar results were also observed at 70 ℃ as shown in Figure 4(b) , except that in the 300g/L NaCl solution. When the potential is about -0.05 V, the current density of 2205 DSS in 300 g/L NaCl solution increases significantly with increasing polarization potential, which means the occurrence of pitting corrosion, and also indicates the increase of temperature and NaCl concentration promotes the pitting corrosion of 2205 DSS. It also can be seen that the polarization curves shift toward the negative potential with increasing NaCl concentration. The corrosion current density (I corr ), corrosion potential (E corr ) cathode slope (β c ) and anode slope (β a ) obtained from polarization curves are listed in Table 4 . These results presented that the corrosion current density increased but corrosion potential decreased with increasing concentration of NaCl, and, it is noted that the increase of temperature makes the corrosion current density increase obviously. With the increase of the NaCl solution concentration, the slopes of the cathode and the anode did not change much, which suggests the concentration has no obvious effect on the reaction mechanism of 2205 DSS in NaCl solution.
Electrochemical impedance spectroscopy
Electrochemical impedance spectroscopy is another helpful and effective methods for evaluating the corrosion behaivior of metals [32] . Nyquist plots of 2205 DSS in different concentrations of NaCl solutions were represented in Figure 5 . It shows that the electrochemical impedance spectroscopy of 2205 DSS in NaCl solution exhibits a quarter circle at 30 ℃, while a diffusion tail appears at low frequencies at 70 ℃, which means that the diffusion reaction has taken place on the 2205 DSS electrode [33] . The equivalent circuit fitting the electrochemical impedance is shown in Figure 6 , where, R s is the solution resistance, R p is the polarization resistance, CPE is the constant phase element which is often used to replace capacitance to give a more accurate fit to the impedance data [34] , and W represents warburg impedance. The impedance parameters are listed in Table 5 . As it shows, the values of R p decrease with increasing NaCl concentration, and its value is significantly affected by temperature. For instance, in the NaCl aqueous solution of 50 g/L, the value of R p at 30 o C is about 28 times as high as that at 70 o C. While the increase in CPE is likely due to an increase in the local dielectric constant and a decrease in the thickness of a protective layer at the electrode surface, which would therefore reduce the corrosion resistance of the 2205 DSS in NaCl solution [35] . Table 5 . Electrochemical impedance parameters of 2205 DSS in various concentrations of NaCl solutions at 30 ℃ and 70 ℃.
SEM examination
In order to ensure the effect of temperature on the corrosion of 2205 DSS in NaCl solution, SEM morphologies of 2205 DSS after immersed in 300 g/L NaCl solution for 7 days at 30 ℃ (a) and 70 ℃ (b) are given in Figure 7 . It is clear that the surface of 2205 DSS immersed at 30 ℃ is much less damaged, only very weak pitting phenomenon can be observed at the defect of the specimen surface. However, when at 70 ℃, the passivation film of 2205 DSS surface had been broken and a large and deep pitting hole was formed. The results further reflect the effect of temperature on the corrosion behavior of 2205 DSS in NaCl solution. 
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CONCLUSIONS
The critical pitting temperature of 2205 DSS in studied NaCl solution is located in the temperature range of 40~45 ℃ and slightly decreases with the increase of the concentration of NaCl solution. The corrosion current density increases but corrosion potential and polarization resistance decrease with increasing concentration of NaCl, and temperature can significantly affect the corrosion of 2205 DSS in NaCl solution.
